Context: Tobacco abuse is a well-known risk factor for potentially malignant disorders as well as oral squamous cell carcinoma. Factors that influence tobacco-exposed individuals developing a malignancy may include the combination of total tobacco exposure and genetic susceptibility. Aim: This study was undertaken to determine the prevalence of the glutathione S-transferase M1 (GSTM1) null polymorphism in oral leukoplakia and oral squamous cell carcinoma patients in South Indian population. Settings and Design: This case-control study was conducted in hospital setting on South Indian population. Materials and Methods: About 280 subjects with history of tobacco use, oral leukoplakia, oral squamous cell carcinoma were included in this study. Three milliliter of blood was collected and transported under cold cycle and taken for evaluation of GSTM1 null polymorphism using multiplex polymerase chain reaction. Results and Discussion: On comparing the prevalence of GSTM1 null polymorphism among the group with subjects with habits and no oral lesions, oral leukoplakia, and oral squamous cell carcinoma, it was observed that there was a statistically significant association between GSTM1 null polymorphism and the different groups (P < 0.01).
susceptibility. [3] The environment-gene interaction in carcinogenesis is well reflected by Phase 1 and Phase 2 enzymes that are involved in the metabolism of carcinogens. Glutathione S transferases (GSTs) are a group of Phase 2 enzymes that are primarily involved in detoxifying carcinogenic metabolites. [3] Numerous polymorphisms occur in the genes encoding GSTs. Among them, GSTM1, GSTT1, and GSTP1 enzymes play an important role in the detoxification of metabolites of carcinogens in tobacco. The GSTM1 gene exhibits a deletion polymorphism, which in Tobacco use is a well-known risk factor for potentially malignant disorders as well as oral squamous cell carcinoma. [1, 2] Despite the risk of tobacco exposure, the majority of patients who smoke or chew tobacco do not get oral cancer. Factors that influence tobacco-exposed individuals developing a malignancy may thus include a combination of total tobacco exposure and genetic case of homozygosity (GSTM1 null) leads to the absence of phenotypic enzyme activity. The GSTM1 (null) genotype has been found to be significantly associated with an increased risk of oral squamous cell carcinoma. [3] [4] [5] [6] [7] Therefore, through this study, it is intended to determine the prevalence of GSTM1 null polymorphism in oral leukoplakia and oral squamous cell carcinoma and thereby to show that GSTM1 genotype may increase the risk of development of oral squamous cell carcinoma in subjects with oral leukoplakia and tobacco users.
MATERIALS AND METHODS
The study was conducted in the Department of Oral Medicine and Radiology and Jain Institute of Vocational and Advanced Studies, Bengaluru. A total number of 280 subjects with history of smoking, oral leukoplakia, oral squamous cell carcinoma were included in the study and were grouped as follows: 1. Group A: 100 subjects with habit of tobacco or alcohol use without oral lesions 2. Group B: 100 subjects with habit of tobacco or alcohol use with oral leukoplakia 3. Group C: 80 subjects with habit of tobacco or alcohol use with oral squamous cell carcinoma.
After obtaining informed consent, information regarding demographic data, type of tobacco used, daily frequency, and duration of use were recorded. Information on smoking and alcohol habits were obtained in a structured questionnaire and tabulated. After an explanation of the study design, the potential risks, and benefits, an informed consent was obtained from each patient. Study was conducted in accordance with the Helsinki's Declaration of 1975, as revised in 2008. The study was approved by the Ethical Committee of the Institution. Subjects with history of diseases that are associated with GSTM1 null polymorphism such as bladder cancer, lung cancer, cervical cancer or any hematological malignancies, history of uncontrolled diabetes and bleeding disorders, pregnant and lactating women were also excluded from the study.
Method of collection of data
Intraoral examination was carried out under adequate illumination and aseptic condition to evaluate the presence of oral leukoplakia and oral squamous cell carcinoma lesions.
Biopsy and histopathological examination
The incisional or excisional biopsy was carried out under utmost aseptic precautions, using autoclaved sets of instruments and disposable gloves, syringe, needles and surgical blade. The biopsy site for leukoplakia/oral squamous cell carcinoma was selected by clinical examination and intravital staining using toluidine blue solution. The leukoplakia biopsy specimens were histopathologically divided into those, which exhibited keratosis without dysplasia, and. those, which exhibited features of dysplasia.
The oral dysplastic lesions were graded according to the degree of dysplastic features exhibited into mild, moderate and severe dysplasia based on WHO criteria for oral dysplastic lesions. [8] Oral squamous cell carcinoma biopsy samples were graded histopathologically into well differentiated, moderately differentiated, or poorly differentiated based on Broders classification criteria.
Collection of blood sample
Three milliliter of blood was collected and transported under cold cycle and taken for evaluation of GSTM1 null polymorphism using multiplex polymerase chain reaction (PCR) to the Jain Institute of Vocational and Advanced Studies, Bengaluru. Evaluation of GSTM1 null polymorphism using multiplex PCR was done based on method described by Gronau et al., [ Table 1 ]. [3] 
Interpretation of the results
Amplified PCR samples were subjected to gel electrophoresis and then viewed under ultraviolet transilluminator. The albumin band was present in all samples since it was the internal positive control that indicates DNA was present in the sample. Homozygote (+) samples have shown double band for GSTM1 of the size 273-bp fragment. The homozygote null samples indicated missing band for the gene that is deleted (one or both bands). In this PCR assay, the absence of a 273-bp fragment indicated the GSTM1 null genotype which was denoted by presence of single band for the gene GSTM1 instead of two bands for the gene GSTM1 [ Figure 1 ].
Method of statistical analysis
MS Excel and SPSS (SPSS Inc., Chicago, IL, USA) software packages were used for data entry and analysis was done using Z-test. The results were averaged (mean ± standard deviation) for each parameter were presented in Table and Figure. In all the above tests, a "P" value of <0.01 was accepted as indicating statistical significance.
RESULTS
The subjects include in our study were within the age group ranging between 49 and 59 years. The gender proportion was represented in the present study as in subjects with habits and no lesions (Group A), ten subjects (10%) were females and ninety subjects (90%) were males. Among the leukoplakia subjects (Group B), 10 (10%) were females and 90 (90%) were males and among the subjects with oral squamous cell carcinoma (Group C), 10 (25%) were females and 70 (75%) were males.
A detailed history of the tobacco or alcohol habits in our study group revealed that all the subjects included in the study had habit of using smoking form of tobacco either in the form of cigarettes, and/or bidis and some in combination with smokeless form of tobacco and alcohol.
In Group B, the duration of smoking ranged between 20 and 40 years and frequency of smoked form of tobacco ranged between 8 and 30 cigarettes or bidis/day. Among the subjects in Group B with mixed habits, the duration of smokeless form of tobacco ranged from 20 to 40 years and frequency of the habit ranged from 12 to 25 packets/day. In Group B, the duration of alcohol use ranged between 15 and 50 years with frequency that ranged between 300 and 1000 ml/day.
In subjects with oral squamous cell carcinoma (Group C), the duration of smoking ranged between 25 and 50 years and frequency of smoked form of tobacco ranged between 25 and 50 cigarettes or bidis/day. Among the subjects in Group C with mixed habits, the duration of smokeless form of tobacco ranged from 30 to 40 years and frequency of the habit ranged from 20 to 40 packets/day. In Group C subjects, the duration of alcohol use ranged between 25 and 50 years and frequency ranged between 200 and 1000 ml/day.
In our study, the histopathological examination of Group B lesions was done to evaluate the degree of dysplasia. A mild degree of dysplasia was present in sixty subjects (60%) and moderate degree of dysplasia was present in ten subjects (10%). Thirty subjects (30%) did not show any dysplastic features on histopathological examination. The histopathological examination of Group C subjects was done in our study and subjects were categorized using Broder's classification as well differentiated, moderately differentiated, and poorly differentiated squamous cell carcinoma. Twenty subjects (25%) had well differentiated type of squamous cell carcinoma and sixty subjects (75%) had moderately differentiated type of squamous cell carcinoma.
GSTM1 null polymorphism was assessed using multiplex PCR in study as well as control group. Subjects homozygous for the wild-type GSTM1 (+/+) were categorized as polymorphism present and those who were heterozygous (+/0) were categorized as polymorphism absent or null polymorphism. GSTM1 null genotype denotes the absence of GSTM1 genotype. In this PCR assay, the absence of a 273-bp fragment indicates the GSTM1 null genotype which is denoted by presence of single band for the gene GSTM1 instead of two bands for the gene GSTM1 [ Figure 1 ].
In our study, we observed that GSTM1 polymorphism was absent in sixty subjects (60%) with oral leukoplakia (Group B) [Graph 1]. Within the Group B, GSTM1 null genotype was found in fifty subjects with mild dysplastic lesions and ten subjects with moderate dysplastic lesions [ Table 2 ]. On comparing the proportion of subjects with GSTM1 null polymorphism, it was found to be higher in Group B when compared with the Group A [ Table 3 and Graph 1]. A statistically significant difference was also found between the proportion of leukoplakia subjects (Group B) with GSTM1 null polymorphism and Group A (P < 0.05) [ Table 3 ].
In subjects with oral squamous cell carcinoma (Group C), GSTM1 null genotype was found in seventy subjects (87%) in our study. Within Group C, GSTM1 null genotype was found in sixty subjects (75%) with histological moderately differentiated oral squamous cell carcinoma and ten subjects with well differentiated oral squamous cell carcinoma [ Table 4 ]. The proportion of subjects with GSTM1 null polymorphism is higher in squamous cell carcinoma group (Group C) compared to subjects with habits and no lesions group (Group A) [ Table 5 and Graph 2]. A statistically significant difference was found between subjects in Group C and Group A with GSTM1 null polymorphism (P < 0.01) in our study. In our study, on comparing the prevalence of GSTM1 null polymorphism among the group with subjects with habits and no oral lesions (Group A), subjects with leukoplakia (Group B), and subjects with oral squamous cell carcinoma (Group C), it was observed that there was a statistically significant difference between the prevalence of GSTM1 null polymorphism and the different groups (P < 0.01) [ Table 6 and Graph 3]. 
DISCUSSION
Carcinogenesis in the oral cavity is a multistep process and individual risk to the development of oral cancer not only depends on environmental factors or exposure to carcinogens but also on genetic susceptibility of the individuals. Individual susceptibility to oral cancer can be partially explained by variability in enzymatic activities of metabolic genes. Variation in the expression of these genes due to heritable genetic polymorphism might modulate the process of carcinogenesis by altering the exposure levels of tobacco derived carcinogens [ Figures 2 and 3 ]. [3] [4] [5] [6] [7] [9] [10] [11] Few recent studies suggested a positive association between the GSTM1 null genotype with oral cavity or head and neck cancer, [6, 7, 12] whereas other working groups did not show any, or a weak relationship between the null genotype and increased cancer risk. [4, 5, 8] The association with GSTM1 null genotype and the oral cancer risk has been assessed in various ethnic groups. Ethnic differences in prevalence of the GSTM1 null genotypes have been reported to vary between 23% and 35%in Africans, 38-67% in Caucasians, and 33-63% in East Asian population. [13] In a Brazilian study, a positive association between the GSTM1 null genotype and oral leukoplakia was observed. No statistical difference was observed when the samples were stratified based on the location of the lesion. [14] The GSTM1 null polymorphism was also demonstrated to be a risk factor for developing oral leukoplakia in betel quid/tobacco chewers in study based on ethnic Indian population. [5] In the study, it was concluded that null genotype of GSTM1 is a high penetrance genetic factor for developing oral leukoplakia that consequently modulate the risk of developing cancerous oral lesions in habituated betel quid/tobacco chewers of Indian ethnicity. In the Brazilian study, the frequency of the GSTM1 null genotype in the group with oral leukoplakia (57.7%) was statistically higher as compared to the controls (34.6%) (P < 0.05). [14] In the present study, statistically significant difference was found between the proportion of leukoplakia subjects (Group B) with GSTM1 null polymorphism and Group A (P < 0.05) [ Table 2 ]. The stratification of the samples according to the level of dysplasia showed increased prevalence of GSTM1 null genotype on lesions with moderate/severe histological dysplasia in subjects with leukoplakia in the study. This deletion of the GSTM1 gene may cause the loss of detoxification and may thus result in a higher oral cancer risk, especially in tobacco users.
The GSTM1 null genotypes (0/0) polymorphism has been linked to an increased susceptibility to oral squamous cell carcinoma development. In addition, this polymorphism seems to be a risk factor for developing multiple primary neoplasms in the upper aerodigestive tract. [4] [5] [6] [7] In a study based on Japanese population, it was found that those who had null genotypes of GSTM1 had an increased oral cancer risk compared with those who had nonnull genotypes of GSTM1, particularly if associated with moderate cigarette smoking. [15] Investigation in German population [16] was conducted to determine the association of genetic polymorphisms in genes such as CYP1A1, GSTM1, and NAT2 and susceptibility to oral cavity cancer. The results showed no association between CYP1A1, GSTM1, and NAT2 genotypes and susceptibility to oral cavity squamous cancer and suggested that it is unlikely that these polymorphisms cause a predisposition to oral cavity squamous cell carcinoma. In a study based on the American population, [17] the absence of both the GSTM1 gene and the GSTT1 gene was found to be associated with elevated odds ratios for head and neck cancer. The study concluded that genetically determined factors of carcinogen metabolism may be associated with increased risk for head and neck cancer. Another study was done in Germany to investigate the concomitant polymorphisms in genes encoding for various detoxification enzymes in patients with head and neck squamous cell carcinoma (HNSCC). The study concluded that detoxification enzymes are functionally redundant and only the simultaneous deficiency of several detoxification enzymes increase the risk for HNSCC in alcohol-and tobacco-exposed individuals. [3] In Japanese population a case-control study was done, and it was concluded patients with GSTM1 null polymorphism was present in patients with HNSCC after fewer cigarettes as compared to those with other genotypes and individual differences in polymorphism of GSTM1 gene is one of the important factors in the estimate of risk of oral squamous cell carcinoma at low dose level of cigarette smoking. [4] In a study based on Indian population concluded that polymorphism in CYP1A1 m2 or GSTM1 null genotype in Indian subjects may confer an increased risk of cancers of the oral cavity. [5] Our results showed a statistically significant difference between subjects in Group C and Group A with GSTM1 null polymorphism (P < 0.01) and this data is in agreement with above mentioned studies.
Furthermore, in our study, on comparisons of GSTM1 null polymorphism in between the three defined groups, it was observed that there was a statistically significant difference between the prevalence of GSTM1 null polymorphism and the different groups (P < 0.01) [ Table 5 and Graph 3].
In present study, it was also noted that the prevalence of GSTM1 null polymorphism was higher as the severity of the disease progressed histologically from normal to oral precancerous lesion to oral cancer.
The limitations of this study were small sample size in study and null polymorphism was studied in expression of GSTM1 gene only while several genes perform the same functions, which implies the need to study several genetic polymorphism to identify individual risk.
